R ATS E-~T MORE during the hypoglycemic emergency produced by insulin injections (9-l 1, 13). They increase their food intake, and the ataxia, coma, and convulsions of hypoglycemia do not occur. This capacity to make a specific behavioral response to acute hypoglycemia suggests that the central neural mechanisms controlling food intake in the mammal include a system that mobilizes feeding in response to a fall in blood sugar. This is a full report of our work (4, 6) showing that an essential portion of this system is permanently impaired in rats that have recovered from the aphagia and anorexia of the lateral hypothalamic syndrome.
The evidence is twofold. First, rats that have recovered feeding after lateral hypothalamic damage do not eat more after insulin. They succumb to severe hypoglycemia in the presence of food. Second, the deficit is specific. The same animals are still responsive to the other major controls of feeding.
METHODS

Subjects
Adult rats of the Sherman albino and Long-Evans hooded strains were used. The albinos were females weighing 275-325 g at the outset and the hooded animals were males weighing 350-375 g. Results are reported for 8 normal rats (6 albino and 2 hooded), 26 rats with lateral hypothalamic damage (21 albino and 5 hooded), and 5 rats (4 albino and 1 hooded) with ventromedial hypothalamic damage that produced hypothalamic hvperphagia.
Two animals (Lat 2, an albino, and Lat .Zb, a hooded rat) were studied both before and after lateral hypothalamic lesions.
Surgery
Standard stereotaxic procedure was used, employing barbiturate anesthesia and stainless steel or platinum electrodes.
Coordinates, in millimeters, were : A-6.0, RL-2.0, down 8.0 from the dura for the lateral hypothalamic lesions; and A-6.0, RL-0.75, down 9.5 for the ventromedial lesions. The center of the sagittal sinus (not the suture) was used as the anatomical midline. Direct current of l-2 ma was passed through a brain anode for lo-20 sec. (See Teitelbaum and Epstein (18) for additional details of the surgical technique.) Postoperative care included intramuscular antibiotics (10 mg Terramycin, 60,000 units penicillin in separate im depots) in all animals. The animals with lateral lesions were tube fed and given access to highly palatable diets through the stages of aphagia and adipsia, and anorexia and adipsia as described by Teitelbaum and Epstein (18) .
Twenty-one of these animals eventually advanced into and were studied in stage IV (recovery, i.e., eating standard dry diets and drinking water). The other five were permanently adipsic and were therefore studied in stage III (adipsia and dehydration aphagia, i.e., eating dry food and sweet fluids but not drinking water).
Housing and Diets
The animals were housed in individual wire cages. They drank fluid from inverted graduated cylinders fitted with metal spouts; this was tap water except where other fluids are specified.
Solid foods were offered in opentopped metal dishes (powder) or were scattered on the floor of the cage (pellets, cookies (B, below) . The macroscopically obvious extent of each lesion has been outlined in black.
LOSS OF HYPOGLYCEMIC
FEEDING
Measurements
of solid food intake were made to the nearest 10th of a gram after the subtraction of spillage. Fluid intakes were read to the nearest milliliter. Because the fluid diets are dilute and highly preferred, little or no tap water was taken when these were available. Therefore water intake was not systematically measured when they were employed.
Insdin Testing
The food and water intakes were measured after subcutaneous injection of either crystalline insulin (Iletin, Lillv) or protamine zinc insulin (PZI, Lilly). The animals were deprived of food before the tests. With crystalline losulin, doses of from 1 to 16 units per rat were given to 17 rats with lateral hypothalamic damage at midmorning (usually 10 AM) and intake was measured at the end of 6 hr or until the experiment was terminated by severe hypoglvcemic signs. In all but one rat (Lat 26) cumulative spontaneous intake during the same clock hours had been determined during one or several preceding days (base-line intake).
In seven of the recovered lateral rats intakes were measured hourly during the 6-hr test or until the animal was incapacitated by hypoglycemia. These more detailed data were used to construct Fig. 2 . In four of the same animals, hourly readings had been taken during a base-line day immediately preceding the insulin day. These are the base-line or "no insulin" data in Fig. 2 . In eight neurologically normal rats hourly readings were taken after 8 units of crystalline insulin and, in six of these, during the immediately preceding base-line day. These are the normal data in Fig. 2 .
Ten recovered laterals were given l-8 units of PZI. tn three (Lat 6, Lat 15, and Lat 17) the injection was made in the morning and intakes studied over the succeeding 6 hr. In the other seven the injections were made in the evening at the beginning of the rats' normal period of nocturnal activity and intakes were measured the following morning. In these animals base-line data were recrefore total overnight intake. One animal (Lat 19) was tested with both kinds of insulin. It survived the crystalline test and, 44 days later, its response to PZI injection was studied. In all of these recovered lateral rats, except Lat 15 and Lat 17, base-line data were obtained before the insulin test. Neurologically normal animals were given l-12 units of PZI in the evening while eating either liquid or solid foods overnight.
The animals with hyperphagia were all tested with crystalline insulin (8 or 16 units). Food and water intake were measured at the end of a 6-hr period after a midmorning injection and were compared with base-line data.
All insulin testing was done with the animals in their individual living cages.
TllerQy for Hypogljcem ia
When these experiments were begun in 1960 the losses of recovered lateral rats in hypoglycemic coma were high. In recent years we have successfully saved approxi- mately half of the animals that did not eat or ate less and developed severe signs. When they were incapacitated and clearly unable to eat, they were given intraperitoneal glucose (8-10 ml of warmed 30 7c dextrose in water). All the animals revived after this treatment and those that ate the highly palatable foods offered them during the next several days survived.
Temperature Testing
Six recovered laterals (four in stage IV and two in stage III) were tested for increased food intake in the cold. Their cages were transferred into an environmental chamber (Hotpack, Philadelphia, Pa.) within which ambient temperature was controlled to s 1C. Daily food and fluid intake (water for the animals in stage IV, 10 % sucrose or 0.2 o/o saccharin for those in stage III), body weight, and co1 onic temperature were measured at 25 C. In the most common sequence, the temperature was then decreased in steps to 2 C. The temperature was then returned to 25 C. Three animals were tested in the heat (30 C and then 33 C) and then returned to 25 C. The exact sequence for each animal is shown in Table 4 . Three neurologically normal rats were run through the entire temperature series as controls. Finally, all six of the recovered laterals and one of the normals were tested for responsiveness to insulin. Three of the laterals had been tested with insulin before the temperature testing began.
Anatomical Verijica tion
Brains were fixed in 10 cii; formalin, embedded in celloidin, cut at 40 p, and selected sections through the A. N. EPSTEIN AND P. TEITELB.4UM (2) 3-4 0 6 (7) area of the lesions were stained with either thionin or the Loyez modification of the Weil stain. This process was completed in all but 3 of the 26 animals with lateral hypothalamic damage and in all 5 of the rats with hyperphagia.
The three rats (Lat 6, Lat 3.5, and Lat 51) whose lesions were not verified all suffered typical and severe lateral hypothalamic syndromes.
RESULTS
Anatomical Analysis
Lateral hypothalamic lesions. In 16 of the 22 brains examined, the lateral hypothalamic lesions were typical of those reported to produce the lateral hypothalamic syndrome (18). The bilaterally damaged tissue extended throughout the tuberal hypothalamus, including the lateral and dorsal regions of the lateral hypothalamic areas, the medial limbs of the internal capsules and the overlying subthalami.
The medioventral region of the lateral hypothalamic area and the portion of the medial forebrain bundle coursing through it were usually preserved, at least on one side. A representative set of lesions is shown in Fig. 1 A.
In the other six brains the lesions were asymmetric. In all, one lateral hypothalamic area was severely damaged.
In one (Lat 7I), one lateral hypothalamic area was undamaged.
The lesion on that side was small and centered in the lateral subthalamic and ventral 
Insulin Testing
Recovered laterals. The basic phenomenon and major finding of this study are shown in Fig. 2 . In the upper graph, the mean hourly and total 6-hr food intake of neurologically normal rats is shown without insulin and during the 6 late-morning and early-afternoon hours immediately after subcutaneous injection of 8 units of crystalline insulin. Note that the normal animals eat more throughout the test period and that mean total intake at the end of the 6 hr is more than three times normal (1.8 g without insulin, 6.0 g after insulin). All animals overate and none had clinical signs of hypoglycemia despite the fact that the dose of insulin employed is massive and invariably lethal in rats deprived of food.
The failure of rats recovered from lateral hypothalamic aphagia and anorexia to make this response is shown at the bottom of Fig. 2 . Two of the seven animals did not eat at all after insulin injection.
Five ate but not enough. All but one were incapacitated by severe signs of hypoglycemia at the end of the 6 hr. The sequence and temporal course of the signs of severe hypoglycemia were not different in the recovered laterals from those seen in neurologically normal rats given similar doses of insulin and deprived of food. Stupor and ataxia appeared after 3-4 hr, the animals then became comatose and convulsed, usually before the end of the 6-hr test. Those that were not treated either died within the next few A. N. EPSTEIN AND P. TEITELBAUM hours or were found dead in their cages the next morning.
The results from all 26 rats with lateral hypothalamic damage are summarized in Tables 1 and 2 . The data from the experiments with crystalline insulin are in Table 1, and Table 2 summarizes the experiments with PZI. The animals are listed in order of increasing responsiveness to insulin. Those that did not eat are listed first, followed by those that ate but considerably less than base line (listed as Ate less), then by those that ate as much as their base line (Did not eat more), and finally by those that ate more (Ate more) and therefore behaved as if they were normal. The range of the baseline food intakes for each animal was the criterion for these judgments and for those made in Table 3 . Animals were classified as eating less when test intake (or average intake where more than one insulin test was done) was below the range. Test intakes within the range yielded animals that were classified as not eating more and intakes above the range, animals that ate more. Two exceptions were made. After two base-line days of no measurable intake, Lat 51 ate 0.1 g of pellets after insulin and became stuporous.
This animal is classified as not eating more because it had clearly not made a normal response. And VIM I is classified as eating more in the static phase of its hyperphagia despite the fact that one atypically high base-line intake is within the range of its test intakes. Ten of the rats were studied more than once. Where the outcomes were not similar the animal is listed in the most responsive category.
Note first that 20 of the recovered laterals failed to respond. They either died in hypoglycemic coma after not eating or after failing to eat more, or they survived despite having eaten less (five of these survivors were revived from hypoglycemic coma by intraperitoneal glucose injections and a diet of wet and palatable foods). The animals failed to respond to both kinds of insulin over the entire dose range whether administered in the morning or evening and when they were eating either standard laboratory diets or palatable foods. They failed despite the fact that all had recovered from the aphagia and anorexia of the lateral hypothalamic syndrome and had been eating standard laboratory diets for weeks or months. (See Postop Day of 1st Test in Tables 1 and 2 .) Three animals had been eating pellets for more than a year before the test. One (Lut 50) ate less even though tested 503 days after lateral hypothalamic damage. Two animals (Lat 2 and Lat 20) were tested both before and after lateral hypothalamic damage and therefore served as their own controls. Lat 2 received 8 units of PZI in the evening three times during the week before surgery.
Its average overnight intake of pellets was 15.0 g. Intake during the nights after insulin averaged 26.5 g (range 20.5-32.8).
Thirty-eight days after surgery the test was repeated and as shown in Table 2 the animal ate only 4.4 g-and died. Lat 20 was tested with 8 units of crystalline insulin 10 days before surgery. During the succeeding 6 hr it ate 7.4 g of pellets (base-line average 2.8, base-line range 0.6-4.2). Forty-eight days postoperatively (see Table  1 ) it ate only 0.2 g and died. Of the brains studied : all of the animals that failed to respond had extensive bilateral lateral hypothalamic damage except Lat 3 and Lat 5 in which the bilateral destruction was limited to the medial internal capsule and the most lateral portion of the lateral hypothalamus, and Lat 21 in which the lesion of the lateral hypothalamus was essentially unilateral.
Onlv 6 of the 26 animals in Tables 1 and 2 ate more after insulin.
Of these, two (Lat 4 and Lat 71) had grossly asymmetric or unilateral lesions (see AnatomicaZ c', hdysis).
They were not aphagic in the immediate postoperative period and were adipsic for only 4 and 5 davs. Three others did not respond consistently. One had asymmetric lesions, no aphagia and only 3 days of adipsia (Lat 54), another (Lat 61) responded only to the lowest dose of PZI while eating eggnog, and the third (Lat 44) ate more eggnog after 8 units of crystalline insulin but ate less and died after the same dose while eating pellets.
There are therefore only three exceptional cases. There were two animals (Lat 44 and Lat 48) with confirmed bilateral lateral hypothalamic damage and severe syndromes that ate more after insulin. Both responded while eating eggnog. One was tested only once and the other failed when tested subsequently while eating pellets. A third animal (Lat 21) did not eat more despite the fact that one lateral hypothalamic area was preserved except for slight dorsal damage.
Hypothalamic hyperphagic animals. Unlike rats recovered from lateral hypothalamic aphagia and anorexia, rats with hypothalamic hyperphagia eat more after insulin during both the dynamic and static phases of the syndrome and while eating either standard or palatable foods. The data are summarized in Table 3 . Four of the five animals studied ate consistently more during the 6 hr after the injection of 8 or 16 units of crystalline insulin. In these 4 rats, there is only 1 exceptional test in a total of 19. VM 2 did not respond while eating pellets or eggnog and died after a 16-unit injection. Its lesions were not unusual.
Temperature Testing
In the six recovered lateral rats studied, food intake was greatest when ambient temperature was lowest, and conversely, in the three animals studied in the heat, food intake fell as temperature rose. These responses and their similarity to the response of the neurologically normal rat are shown in Fig. 3 and Table 4 . In Fig. 3 the details of the experiment are shown for a normal animal and two recovered lateral rats eating the GBI diet. The response of the laterals to cold was indistinguishable from normal. As the ambient temperature fell, food intake rose and was doubled at the lowest temperature.
However, neither lateral survived 1 unit of PZI given in the evening. The normal rat maintained its intake after 1 unit and at higher doses showed the increase that is typical of normal rats eating the GBI diet. Table 4 is a summary of the experiment. All six recovered laterals were tested with insulin after the temperature experience and failed to eat more (see Tables 1  and 2 ). The sequence of temperatures used is at the top and the average food intake is shown for each animal at all temperatures tested. The numbers in parentheses show the number of successive days at each temperature. Where there are blanks the animal was not tested at that temperature.
Note that without exception the food intake at the lowest temperature is the highest recorded for each rat. The only essential difference between the recovered lateral rats and the normal animals in their responses to changes in temperature is that, as reported previously (5), the lateral rat eats and drinks less in the heat whereas the normal rat eats less but drinks more.
DISCUSSION
The rat that has recovered from the initial aphagia and anorexia of the lateral hypothalamic syndrome does not eat more in response to insulin. The animal either does not eat or eats too little to defend itself from the signs of severe hypoglycemia.
The deficit is permanent. It has been demonstrated well over a year after lateral A. N. EPSTEIN AND P. TEITELBL4UM hvpothalamic damage and in one case on the 503rd postoperative day. The deficit is specific. As long as it is hydrated, the same animal eats normal amounts of food each night, holds body weight constant, adjusts intake precisely to changes in the nutrient density of the diet (18), and, as shown here, eats less in the heat and more in the cold. A specific impairment of the hypoglycemic control of food intake is therefore a permancnt sign of the lateral hypothalamic syndrome. The specificity of the deficit has several implications. First, it is in sharp contrast with the global impairment of the controls of water drinking that is produced by the same lesions. The rat that has recovered from the adipsia of lateral hypothalamic darnage drinks water only when it eats dry food. It does not drink in response to water deprivation, serum hyperosmolarity, hyperthermia (5)) or hypovolemia (16). The animal suffers an impairment of salivary production (8) and its water drinking is controlled exclusively by events in the oropharynx and specifically by the necessity to swallow dry food from a dry mouth (2). The lateral hypothalamus and its immediately adjacent structures is a focus for all the neurologic systems controlling regulatory drinking. Its mediation of the controls of feeding is, however, more limited.
In rats with lateral hypothalamic lesions the hvpoglycemic control of feeding is the only major control that is permanently and severely disabled. Indispensable portions of the neurologic systems mediating the other controls appear therefore to have escaped damage. We can include that the lateral hypothalamus and immediately adjacent structures is a major focus for some essential portion of the system that mobilizes food intake during hypoglycemia.
Secondly, the specificity of the deficit implies that hypoglycemia and its consequences for cellular metabolism are not essential for increases in food intake that occur in the normal rat in the cold and after diet dilution.
As shown here, animals in which hypoglycemia is not operating to control food intake do eat more in the cold and after dilution. This does not deny that hypoglycemia may participate in the meal-to-meal control of feeding in the normal rat. It simply emphasizes that when hypoglycemia is not operating, the other neural controls of feeding compensate for its absence and are sufficient to rnediate a regulated increase in food intake. Lastly, the fact that the deficit is specific and that the feeding of the recovered lateral rat is responsive to cold and to dilution of the diet demonstrates that the deficit reported here is not simply an expression of finickiness (17). The animals can increase their food intake to other regulatory challenges and they do so while eating only foods (pellets, GBI diet) of minimal palatability.
In addition, they fail to eat more after insulin even though eating highly palatable foods such as eggnog, 10 % sucrose solution, and drv cookies. Although high palatability of the diet does encourage a successful response in some animals (see Lat 44, Lat 48, and Lat Sl), the deficit can not be understood as a reluctance to eat standard laboratory diets or as a motivational failure that makes an increase of food intake sluggish or impossible.
Nor is it likely that the deficit is the result of insulin hypersensitivity similar to that seen in the adrenalectomized rat (14) and in the rat with anterior and medial hypothalamic damage (15). The recovered lateral rat is not unable to eat because it is overwhelmed by a rapid and incapacitating hypoglycemia. This is shown first by the fact that signs of hypoglycemia develop in rats with lateral hypothalamic damage at the same rate as in normal rats given insulin but deprived of food. And second, the blood sugar changes produced in the recovered lateral rats by insulin are indistinguishable from those seen in normal rats given insulin and deprived of food (3).
The nature of the neurologic system that is interfered with here is not clear. It may be a group of cells within the area of the lesions that is specifically sensitive to decreased blood sugar or decreased cellular utilization of glucose, or axons from such cells lying elsewhere in the brain. Or it may not be a receptor system at all, but one more distal in the neurologic mechanism associating blood sugar decreases with the efferent systems for feeding. Clearly it is not the presumed glucoreceptors in the ventromedial hypothalamus that Mayer has inferred from the hyperphagia produced by gold thioglucase injections (12) and that Anand and co-workers (1) have tentatively identified bv hypothalamic recording ,
